Abstract A novel compound of antimycin family, JBIR-06 (1), was isolated from Streptomyces sp. ML55. The structure of 1 was established as a twelve-membered macrocyclic skeleton with a 3-(formylamino)-2-hydroxybenzamide based on the spectroscopic data. Compound 1 inhibited the expression of GRP78 induced by 2-deoxyglucose at the IC 50 value of 250 nM.
hexane -EtOAc linear gradient system (0ϳ100% EtOAc), and the peak detection was carried out by UV absorption at 254 nm. The 60ϳ75% EtOAc eluate was subjected to preparative reversed-phase HPLC (mobile phase: 65% MeCN -H 2 O; column: Senshu Pak PEGASIL ODS 20 i.d.ϫ250 mm; detector: Waters 2996 photodiode array detector and Waters 3100 mass detector) to yield 1 (1.5 mg; Rt, 42.1 minutes).
The physico-chemical properties of 1 are summarized in Table 1 . Compound 1 was obtained as light brown amorphous solid (MP 90.0ϳ97.5°C) and its molecular formula was determined to be C 28 H 38 N 2 O 10 by HR-ESI-MS. The IR spectrum showed absorbance for esters and amides (1738, 1644, 1211 cm Ϫ1 ). The direct connectivity between protons and carbons was established by the HSQC spectrum and the 13 C-and 1 H-NMR spectral data for 1 are shown in Table 2 . The DQF-COSY and HMBC spectra established four partial structures (Fig. 2) .
The sequence from an oxymethine proton 1.17) were each long-range coupled to an ester carbonyl carbon C-8 (d C 171.9), a quaternary carbon C-9 (d C 53.5) and a ketone carbonyl carbon C-1 (d C 204.8), which in turn long-range coupled to 2-H and 10-H. These HMBC correlations indicated the successive connectivity of C-2, C-1, C-9 and C-8 as shown in Fig. 2 . Thus, a 2,2,6-trimethyl-3-oxo-4-oxyheptanoate moiety was elucidated as a partial structure of 1 as shown in Fig. 2 The sequence from an amide proton 6-NH (d H 7.06) to a methyl proton 26-H (d H 1.37) through an a -methine proton 6-H (d H 5.270, d C 55.3) and an oxymethine proton 7-H (d H 5.68) was observed in the DQF-COSY spectrum of 1. In addition to these correlations, the long-range couplings from the methine proton 6-H and the amide proton 6-NH to a carbonyl carbon C-5 (d C 167.8) and the amide carbonyl carbon C-18 were observed. These results established a threonine residue and its connectivity with the chromophore moiety.
The remaining substructure was also determined by the interpretation of 1 H-1 H spin couplings and 1 H-13 C long-range couplings as follows. The long-range coupling between an oxymethine proton 4-H (d H 5.268) and an ester carbonyl carbon C-3 (d C 168.9), along with the sequence from 4-H to 16-H (d H 1.00) through 14-H (d H 2.04), which was additionally coupled to a methyl proton 17-H (d H 0.939), and 15-H (d H 1.57, 1.31) observed in the DQF-COSY spectrum of 1, established a 3-methyl-2-oxypentanoate moiety as shown in Fig. 2 . The connectivity of these partial structures were elucidated by the long-range couplings between 2-H and C-3, 4-H and C-5, 7-H and C-8, respectively. In this manner, the planar structure of 1 was determined as shown in Fig. 1 . Although nine-, fifteen-, and eighteen-membered macrocyclic analogs, such as antimycin A, neoantimycin and respirantin, respectively, were frequently isolated [4ϳ7, 9ϳ11], 1 is the first example which consists of a twelve-membered macrocyclic skeleton attached with a 3-(formylamino)-2-hydroxybenzoyl in amide linkage.
The absolute configuration of the threonine moiety of 1 was determined as follows. Compound 1 (0.12 mg) was hydrolyzed with 3 N NaOH (0.2 ml) for 10 minutes at 95°C. Then, 6 N HCl was added to this reaction mixture to adjust the pH to 2ϳ3 followed by the extraction with EtOAc. The aqueous layer was further subjected to acid hydrolysis (6 N HCl, 0.5 ml) for 12 hours at 120°C to obtain the threonine residue. After acid hydrolysis, the reaction solution was adjusted to neutral and evaporated in vacuo. To determine the absolute configuration of the threonine residue, Marfey's method was adopted [12] . The residue was dissolved in 0.1 M NaHCO 3 aq (0.1 ml) and successively 10 mM The human fibrosarcoma cell line HT1080 cells which were transformed with the luciferase reporter gene under the regulation of the GRP78 promoter, produced luciferase by four fold greater quantity than did the control when treated with 10 mM of 2-deoxyglucose [13] . In this evaluation system, 1 reduced the expression of the reporter gene with the IC 50 value of 262 nM. In the same manner, the structurally related compounds prunustatin A and SW-163A exhibited inhibitory activities in this assay with IC 50 values of 1.9 nM and 9.1 nM, respectively. Since antirespiratory agents such as antimycin, alloaureothin [14] , rotenone, oligomycin and verrucosidin [15, 16] show the inhibitory activities against GRP78 expression, we briefly evaluated reducing activities of 1, prunustatin A and SW-163A in DPPH radical scavenging assay system [17] . In this assay, 1, prunustatin A and SW-163A reduced the DPPH radical by 56.2, 54.5 and 54.5%, respectively, at the concentration of 20 m M. Since antirespiratory activities of these compounds are almost the same and the inhibitory activities against GRP78 expression of 1 was 130 times less than that of prunustatin A, the size of ring system is considered to play a significant role to exhibit the inhibitory effects against GRP78 expression induced by the treatment of 2-deoxyglucose. These results suggested that antirespiratory effect is not the active center of these compounds. Although the action mechanism for the inhibitory effects against GRP78 expression of versipelostatin was investigated detailed [13] , its target is still unknown. Clarifying the target of these compounds is expected to discover the novel and undiscovered pathway of GRP78 expression.
